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Background of the Invention 

Products manufactured from webs such as paper toweling, paper 
tissue and the like typically a/e perforated to facilitate the tearing of 
sheets from a roll. Perforations may be formed using mechanical 
apparatus. In conventional operations, a moving blade is employed to 
perforate a traveling paper web. As the paper web passes between the 
moving blade and a stationary anvil, the blade is positioned 
perpendicular to the traveling paper web. As the paper web moves, the 
blade rubs against the anvil to perforate the paper. This process occurs 
at relatively high speed. 

A knife roll having machined grooves also may be employed in the 
perforating process. A perforating blade may be provided in each 
groove. Such blades may be mounted in rows along the periphery of the 
knife roll. The distance between blade rows corresponds to the distance' 
between perforations on the web. Bonding areas or "bonds" are formed 
upon the web by slots in the perforating blade. As the blade rubs against 
the paper web on the stationary anvil, the blade cuts the paper web at 
points where the blade touches the paper web. Slots in the blade 
prevent certain areas of the paper web from being cut. The uncut areas 
bond the paper, preventing the paper from tearing entirely. 

Several United States patents disclose means of imparting 
perforations to a roll of paper. U.S. Patent No. 6,010,090 to Bushmaker 


et al. discloses an elongated web of paper perforated along a plurality of 
transverse lines to provide bands of web areas having relatively high 
tensile strength. 

United States Patent No. 5,755,654 to Schulz et al. is directed to 
an apparatus and method for pinch perforating a multi-ply web material 
to increase the perforation ply bond retention. A roll mounted perforator 
blade cooperates with a beveled anvil to produce perforation ply bonds 
perpendicular to the length of the multiple plies of web material. 

There are drawbacks to currently known methods for perforating 
web or paper sheet materials. Forces generated between the blade and 
anvil sometimes cause vibrations which are detrimental to the overall 
processing of the web. Furthermore, there are relatively strict speed 
limitations using currently available mechanical mechanisms. At fast 
web processing speeds, unacceptably high levels of vibration may be 
generated, which may cause imperfections, web breaks or machine 
malfunctions. High levels of vibration between the perforation roll and 
the head are undesirable. 

One disadvantage of current equipment designs is that such 
designs cannot quickly be changed to accommodate different sheet 
lengths on a roll without expending large amounts of time and effort to 
reconfigure or change out mechanical equipment. To change sheet 
length on a roll of paper which is being manufactured, the papermaking 
apparatus typically must be stopped, and a 3-4 hour procedure of 
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changing out and re-adjusting equipment is sometimes necessary. 
Furthermore, periodic replacement of blades causes lost production and 
down time. Such down time is costly in terms of manpower and lost 
production. 

What is needed in the industry is a system, apparatus and method 
of severing or perforating a web of material in a way that does not result 
in equipment vibration or failure at high web processing speeds. A 
system that is capable of severing or perforating a web in a manner that 
requires less equipment maintenance would be desirable. A system that 
does not require numerous blade changes, and is capable of cutting or 
perforating a web at fast processing speeds would be desirable. 
Furthermore, a system that is capable of changing bond patterns, sheet 
lengths, and the material weight to be severed in a short period of time 
would be desirable. 

Summary of the Invention 

An apparatus, system and method for perforating or severing a 
web is provided. The system comprises a mechanism for supporting a 
web at a predetermined distance from a laser. The mechanism may be 
comprised of rollers, an air foil, a carrier fabric or other means which is 
capable of suspending a web. The mechanism provides a web 
conveying means, which may be in any form that is capable of 
supporting and conveying the web. The web may be supported for 
severing across an open span supported between two rollers. 


Alternatively, an air foil could be employed to maintain a relatively 
constant tension upon the web. Other mechanisms are possible as well. 

The web is adapted for traveling upon the surface of the carrier 
fabric. A frame also is provided, and at least one laser is mounted upon 
the frame. The laser is configured for directing a beam of light upon the 
surface of the running web. A severed portion is created upon the web. 
In some applications of the invention, the web is severed in a 
discontinuous line from a first edge to the second edge to form a "dashed 
line" perforation. Bonded portions may be situated between severed 
portions in the perforation line. Multiple perforation lines may be 
provided at spaced intervals upon the web. 

The system in other embodiments may provide a plurality of 
lasers in which each laser acts upon the web. The web may be divided 
into a plurality of zones. A plurality of lasers may be provided in an array 
whereby each laser is assigned to a specific zone. The array could be 
oriented in the cross direction from the first edge to the second edge of 
the web. In some applications of the invention, each successive laser in 
the array is directed to provide a light beam upon a corresponding zone 
of the web. 

Brief Description of the Drawings 

A full and enabling disclosure of this invention, including the best 
mode shown to one of ordinary skill in the art, is set forth in this 
specification. The following Figures illustrate the invention: 


Figure 1 is a perspective view of the system and apparatus of the 
invention that is capable of perforating or severing a traveling web; and 

Figure 2 is a top view of a web showing zones aligned in the 
machine direction adapted to receive light beams from respective lasers 
in a laser array. 

Detailed Description of the Invention 

Reference now will be made to the embodiments of the invention, 
one or more examples of which are set forth below. Each example is 
provided by way of explanation of the invention, not as a limitation of the 
invention. In fact, it will be apparent to those skilled in the art that 
various modifications and variations can be made in this invention 
without departing from the scope or spirit of the invention. For instance, 
features illustrated or described as part of one embodiment can be used 
on another embodiment to yield a still further embodiment. Thus, it is 
intended that the present invention cover such modifications and 
variations as come within the scope of the appended claims and their 
equivalents. Other objects, features and aspects of the present invention 
are disclosed in or are obvious from the following detailed description. It 
is to be understood by one of ordinary skill in the art that the present 
discussion is a description of exemplary embodiments only, and is not 
intended as limiting the broader aspects of the present invention, which 
broader aspects are embodied in the exemplary constructions. 


In the practice of the invention, one or more laser beams may be 
used to cut or burn away material of a web to form perforations in the 
web, or even to sever the web completely in some applications. The 
material upon which the laser light beam is directed may be paper, textile 
5 or any other material. One advantage of using a laser as compared to 
mechanical perforating or severing mechanisms is the ability to readily 
and quickly change the length between perforations provided along a 
q sheet. Furthermore, using a laser for cutting affords the opportunity to 

*Q adjust the distance provided between perforations readily without the 

10 need to change physical hardware. Furthermore, lasers may facilitate 

RJ 

j the cutting of material to provide better control of the width and shape of 

MB* 

j\ the cut portion in the web material. A large number of style or cut 

\i> patterns may be employed using lasers. 

p In the practice of the invention, it is possible to perforate webs, 

15 including paper tissue, paper towel, and other base sheets. The width of 
the web may be about 102 inches, but web widths as great as 204 
inches, and as little as 4 inches, can be used. In the practice of the 
invention, it is possible to employ web speeds up to and in excess of 
4000 ft./min. Furthermore, in other applications, web speeds of 5000- 
20 6000 feet per minute could be employed. In other aspects of the 

invention, web speeds of greater than 6000 feet per minute can be used, 
depending upon the characteristics of the laser light beam and electronic 
control system employed in the invention. 


The system is capable of producing sheet lengths in the machine 
direction of as little as 4 inches or less, or as much as 15 inches, or 
more. Paper towels and the like typically include sheet lengths of about 
10-15 inches, while paper bath tissue customarily uses a sheet length of 
between about 3 and about 6 inches. In the practice of the invention, it is 
possible to implement a change in sheet length using a real time 
adjustment of the laser beam positioning system, which is typically 
controlled by an electronic control system. 

It is possible by simply adjusting the electronic control system of 
the laser array to adjust in real time, and almost instantly, the sheet 
length provided for web products manufactured according to the 
invention. The electronic control system may include controls for varying 
the speed of the laser beam, the on/off pattern in the machine cross 
direction, and the angle of beam travel relative to the moving web as the 
machine or web speed varies. The control system also may control the 
distance between perforations (i.e. sheet length). The control system 
also may provide a feature to register the perforation to the cut-off for 
transfer of the web from one wound log to the next. 

To perforate the web it may be necessary to direct a laser at an 
angle to the moving web. This occurs because the web is moving at a 
high speed, and the laser usually must be directed at an angle to effect a 
perforation line across the web which becomes approximately 
perpendicular to the web in the cross direction. The size and strength of 


the laser employed is selected to provide for cutting speeds as great as 
5600 ft/minute, based upon a 45° angle diagonal laser direction. 

In one embodiment of the invention, it may be possible to employ 
a 125 watt C0 2 laser at web speeds of about 200 inches/sec. (i.e., about 
1000 ft./min.). In other applications, a 240 watt laser could be employed 
at web processing speeds of about 436 inches/sec, which is equivalent 
to about 2180 ft./min. Other lasers having greater (or lesser) power can 
be employed as well. These laser types are provided merely as 
examples, and the invention is not limited to any particular laser power 
level or laser configuration. 

Lasers employed in the practice of the invention may be obtained 
from essentially any laser manufacturer or supplier. Lasers 
manufactured by LasX Industries, Inc. of White Bear Lake, Minnesota 
may be configured for the practice of the invention. Laser models that 
can be employed in the practice of the invention include the LPM-100 by 
LasX Industries, which provides an output power of about 100 watts and 
a power range of between about 10 and about 100 watts. The LPM-100 
is a sealed CO2 laser. Another laser model manufactured by LasX 
Industries that may be employed in the practice of the invention is the 
LPM-250, which is a 250 watt laser having a power range of between 
about 10 and about 250 watts. A third model manufactured by LasX 
Industries is the LPM-500, which is a 500 watt laser. The particular 
laser used in any given application will depend upon energy 


requirements and processing speeds employed in the practice of the 
invention, and the structural integrity and composition of the web to 
which the laser is directed. 

Other lasers that may be employed in practicing the invention may 
be manufactured and distributed by SYNRAD, Inc. of Mukilteo, 
Washington, Edgewise Tools of Seattle, Washington, and Laser 
Machining, Inc. of Somerset, Wisconsin. 

A laser processing unit consists of a low maintenance laser 
source, a motion system and a control system. It is possible to integrate 
a laser processing unit into existing or new production lines, and they 
may be electronically integrated into a manufacturing line. 

The laser motion control provided in the system could act so that 
most or all of the lasers move together simultaneously, in a similar 
manner and pattern of movement. They could, for example, act in 
unison, each replicating the motion of the others. However, other 
configurations could allow independent movement of each laser of the 
array. A signal from the main drive of the machine could be used in 
connection with a disk opening to control the speed and/or angle of 
movement of the lasers. Thus, control of laser motion from the main 
drive could be accomplished. 

Secondary control in the system of the invention could include a 
cut-off and transfer from log to log. There is a need to provide the 
perforation formed by the laser light beam in timed sequence with the 
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cut-off/transfer. To achieve registration, it would be possible to provide 
encoders on the bedroll that assist in the cut-off/transfer operation. The 
motion controls can be registered so that the actual perforation line from 
the laser to the signal, from the encoders that designates the bedroll cut- 
off mechanism position, facilitates the cut-off/transfer step for each 
revolution of the bedroll or any particular revolution of the bedroll. In 
that way, it is possible to register laser perforation to the bedroll cut-off 
mechanism. 

Figure 1 shows a perspective view of one embodiment of the 
invention in which a series of lasers or a laser array 27 is comprised of a 
row of individual lasers 13-19. The lasers 13-19 are mounted upon 
frame 12 and are oriented to project a light beam generally downward 
upon a web 11 which is moving and supported by a carrier fabric 10. 
This particular example employs carrier fabric 10, but it should be 
recognized that other mechanisms for supporting the web may be 
employed, including but not limited to airfoils, rollers, and other 
structures capable of moving and supporting web 1 1 . An air foil creates 
a high speed current of air that is capable of suspending a web 11 for 
cutting or severing. Rollers could include a series of spaced rotating 
members that support a web 11 in a processing system. Many different 
types of web conveying means may be employed, and the invention is 
not limited by the type of web conveying means used. 
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The machine direction is shown by arrow 28 in Figure 1. A 
plurality of zones are provided in the cross direction of the web 11, 
shown as zones 29a-g. 

Each successive laser 13-19 in the array 27 is adapted for 
providing a light beam upon a corresponding zone of the web. For 
example, laser 13 provides a light beam 20 directed towards zone 29a, 
and emits the light beam 20 upon the surface of web 11 within zone 29a. 
The light beam 20 may be emitted upon the surface of the web 11 at an 
angle, as further shown in Figure 2. Thus, multiple light beams 20-26 
are applied to multiple zones 29a-g, respectively. The light beams 20-26 
may be constant, thereby forming a solid line of severance, in the case of 
severing the web completely. Alternately, they may be intermittent, in 
the case of perforating the web. 

It is possible to provide intermittent perforations upon a web 
surface by using a rotating disk member having openings, a pulsating 
laser or other means for providing intermittent bursts of light energy onto 
the web. A disk may be connected to the front portion of the laser (not 
shown in Figure 1), and rotated at high speed to provide intermittent 
bursts of radiant light beams 20-26 upon the surface of the web 11. In 
this way, it is possible to perforate the web 11 by "burning" or tracing a 
dashed line across the web 11. 

In Figure 2, a top view of a web 11 shows zones 29a-g extending 
from the left to right in the Figure, aligned in the cross direction of the 
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web 11. Each zone 29a-g is associated with respective modules 30a-g, 
which provide target areas for laser light. In some cases, the modules 
30 a-g are about 20 inches in length, and overlap as shown in Figure 2. 
The modules 30a-g refer to the bounded area or zone upon which the 
individual laser and motion control systems act in achieving the cutting of 
a specific section of the web 11. When connected, severed portions may 
form a completed perforation 31, for example. Alternately, severance of 
the web 11 can be accomplished. 

With reference to Figure 2, the light beam is angled generally in 
the cross direction (but usually not perpendicular to) the web 11 such 
that the time it requires the light beam 20 to be redirected from one edge 
of zone 29a to the opposite edge of zone 29a accounts for movement of 
the web 11 in its direction of travel. Thus, the laser direction angle (a) 
(alpha) employed is chosen to achieve a straight and substantially 
perpendicular perforation line at a given web processing speed for the 
web 1 1 . 

The bond pattern that may be employed in the perforations in the 
practice of the perforations in the invention varies from a maximum of 
110 bonds for each 4.5 inches to a minimum of 9 bonds per 4.5 inches of 
web width. The bond width may include a minimum of 0.010 inches, and 
a maximum of 0.060 inches. In general, the distance between 
perforations (in the machine direction) is a minimum of about 3.5 inches, 
and a maximum of about 15 inches, although it is clearly possible to 
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deviate from this range (i.e.: less than 3.5 or more than 15 inches). The 
distance between perforations usually must be within about 0.005 inches 
of the target sheet length in order to satisfy quality control standards. 
The overall roll length must be within about 0.005 inches of the target 
from log to log, for most applications. The perforation lines 31 in general 
should be straight and substantially perpendicular in the cross direction 
of the web to insure a clean cut-off across the line of perforation for 
transfer to a new winding log (winding log not shown). 

It is understood by one of ordinary skill in the art that the present 
discussion is a description of exemplary embodiments only, and is not 
intended as limiting the broader aspects of the present invention, which 
broader aspects are embodied in the exemplary constructions. The 
invention is shown by example in the appended claims. 


